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SUMMARY

The Reduced Enrichment for Research and Test Reactor (RERTR) experiment RERTR-12 was designed
to provide comprehensive information on the performance of uranium-molybdenum (U-Mo) based
monolithic fuels for research reactor applications." RERTR-12 insertion 1 includes the capsules irradiated
during the first two irradiation cycles. These capsules include Z, X1, X2 and X3 capsules.

The following report summarizes the life of the RERTR-12 insertion 1 experiment through end of
irradiation, including as-run neutronic analysis results, thermal analysis results and hydraulic testing
results.



CONTENTS

SUMMARY ettt ettt ettt e st et e e et e a e et ee e em e e aeea e e st en e eneeeseeneease et e en e et e eneennenneeneenee i
ACRONYMS ettt ettt e h et b e e et et e e bt e et e et e e st et e e bt ea e e bt eaeeneeebeente bt ene e benbeeneens vi
1. EXPERIMENT GOALS ..ottt ettt ettt et s et sseestesseeseenseeseensenseeneenseneas 1
2. CONSTITUENT MASSES AND DENSITIES ......oioiiiiiieierteee ettt 4
3. EXPERIMENT HARDWARE ... oottt ettt 5
4. TRRADIATION HISTORY ..ottt ettt ettt sse e ssesse s enseebeenseseeseense e 10
5. AS-RUN NUCLEAR ANALY SIS .ottt ettt saeene e s eneenae e 12

5.1 INCULTOMIICS .euuvteitieiietietee st ettt ettt et e st e st e e ateeat e eabeenbee bt e saeesaeeeaseenseenseenseanseesneeenseenseenseenseans 12

I € ¥ 14 8 1<) 1L OO OSSP RUSPURUSRR 22
6. HYDRAULIC TESTING ....ccuiiiietieiieieetteteste ettt ettt st ssaesaessesseensessesssensesseensesesseensenns 27
7. AS-RUN THERMAL ANALY SIS ..ottt et 28

7.1  Coolant Channel TEMPEIALUIE ..........ccueercvieeeiiiiiieiiie et eeieeeeeesteeereeesereesreeeseeessseeeseeeenens 28

7.2 Plate Surface TeMPETAtUIE ..........ceeuieiieiieitieetie ettt ettt et e e ettt e et esseeseeesneeenseeneeas 33
8. REFERENCES ...ttt ettt ettt et et e bt et e b e bt e et e ene et e eseeneeseeneennanee e 49
Appendix A Individual Plate Power and Fission Density Plots..........cccocvevierieiieiieiie e 50
Appendix B Beginning of Life Fission Rate Local to Average Ratio 2D Gradient Maps...........ccccceveeuene. 68
Appendix C End of Life Depleted Fission Rate Local to Average Ratio 2D Gradient Maps..................... 86

il



FIGURES
Figure 1: MCNP-Generated radial cross-section view of RERTR-12 test assembly (mini-plates

(O 11011 T o TSRS 1
Figure 2: RERTR miniplate irradiation assembly...........cccoecuiiiiiiieiiieiieniesiece et 6
Figure 3: DWG-630244: RERTR monolithic fuel miniplate...........ccccecvieiiiiiiiieeiiieeiie e 7
Figure 4: DWG-630245: RERTR thick (0.020 in) monolithic fuel miniplate. ..........cceverieenenieeeee 8
Figure 5: RERTR capsule asSembIY. .........ccoeiiiiiiiiiiiiieieeie ettt ettt 9
Figure 6: Hourly lobe power history for ATR Cycle T40A. .......c.oooviiieiiieiieeeeeee et 11
Figure 7: Hourly lobe power history for ATR Cycle 146B. ......ccccooviiiiiiiiiieieeieeeeeee e 11

Figure 8: BOL fission rate local to average ratio in the transverse direction for a type Z capsule in
the A CAPSULE POSTEION. ....vieiiieiieiieitie sttt ettt ettt et ee st e et eeate et e e bt e bt e seesseesseesanesnseenseens 22

Figure 9: BOL fission rate local to average ratio in the transverse direction for a type X capsule in
the B CaPSULE POSTLION. ....veeiiieiieiieiiecie ettt ettt staesaesaessaessbeesbeesse e seessaesseessnesnsaensaens 23

Figure 10: BOL fission rate local to average ratio in the transverse direction for a type X capsule
1N the C CAPSULE POSTLION. ..eeuviieeiieiiieeiieeetee ettt ettt e et e e eeve e et eestaeesebeeestaeessbeesasaeessseessseeensseas 23

Figure 11: BOL fission rate local to average ratio in the transverse direction for a type X capsule
N the D CAPSULE POSTHOM c.eutiiieiiiiieiieieet ettt ettt et sttt see e teneeaeenee e 24

Figure 12: BOL fission rate local to average ratio in the axial direction for a type Z capsule in the
A CAPSULE POSILION. ..ivviiiriieiieiieitieeieeiteereeteebeebe e teesteesseeesaeesseasseesseesseesssesssasssessseassesssessseessenns 24

Figure 13: BOL fission rate local to average ratio in the axial direction for a type X capsule in the
B CaAPSULE POSTEION. ...ttt ettt ettt ettt e s tteeate et e e bt e bt e beesstesneeenseenseenseenseenseens 25

Figure 14: BOL fission rate local to average ratio in the axial direction for a type X capsule in the
C CAPSULE POSTEION. ..e.evieeireniiesiiesiie et et eteesteestteseaeseseesseesseesaesseessseasseasseassaeseesssesssesssensseensesssenns 25

Figure 15: BOL fission rate local to average ratio in the axial direction for a type X capsule in the
D CaAPSULE POSTEION. .oievviiiiiieeiiieeiie ettt ettt ettt et e et e e et e e e tbeesabeeestaeessseeessseessseesssesesseesnseeennes 26

Figure 16: RERTR-12 capsule cross section with the front (side with plate ID) of plate 1 facing
THE COTE. ittt et ettt a ettt a ettt et e bt st e e bt et e et st et e et eneenneas 28

Figure 17: Coolant channel temperatures as a function of location along the RERTR-12 test
assembly at BOC 146A (0.0 EFPD). ....cooviiiiiiieiieieeecece ettt st veesvaesnee 29

Figure 18: Coolant channel temperature as a function of location along the RERTR-12 test
assembly at MOCT 146A (16.0 EFPD). .cccoiiiiiiieiieieee ettt 29

Figure 19: Coolant channel temperature as a function of location along the RERTR-12 test
assembly at MOC2 146A (32.0 EFPD). ...ccoviiiiiiieiieeeteseete ettt esv e v 30

Figure 20: Coolant channel temperature as a function of location along the RERTR-12 test
assembly at EOC 146A (50.5 EFPD). c..ooioiiiiiieeece ettt 30

Figure 21: Coolant channel temperatures as a function of location along the RERTR-12 test
assembly at BOC 146B (50.5 EFPD). ...c.covoiiiiiiiieieeeee ettt 31

Figure 22: Coolant channel temperature as a function of location along the RERTR-12 test
assembly at MOCT 146B (68.5 EFPD). ....ccccoviiiiiiiieieieciecte ettt ba v 31

il



Figure 23: Coolant channel temperature as a function of location along the RERTR-12 test

Table 1:
Table 2:
Table 3:
Table 4:

Table 5:
Table 6:
Table 7:
Table 8:

Table 9:

Table 10

Table 11

Table 12:

Table 13

Table 14:

Table 15:

Table 16:

Table 17:

Table 18:

assembly at MOC2 146B (78.5 EFPD). ...cccvioiiiiiieiieceetesece ettt 32
Figure 24: Coolant channel temperature as a function of location along the RERTR-12 test
assembly at EOC 146B (89.7 EFPD). ..cccuiiviiiiiiiieiecececeeteee ettt re e saae 32
TABLES

RERTR-12 Insertion 1 Experiment Capsule Configuration ............ccceeveereerieniesiieeieeieeieeeeene 2
RERTR-12-1 EXPErimeNt MALIIX ....ccuveeivieeirieeriieeiteeesieesteeeieeesseesseeessseesssesessseesssessssssessesssesnns 2
RERTR-12-2 EXPEriment IMALIIX ......ecviiiiieriieriiesiieeieereereereesseesseesssesssessseessesssesssessseesssesssessssssnes 3
RERTR-12 Constituent Masses and Densities for Plates Irradiated in the First and

SECONA CYCLE ...ttt ettt et e st e et e et e et e e be e bt e st e sseesneeenseenseenseeseans 4
RERTR Irradiation Hardware Drawing LiSt.........c.cccierieiiienieiiieniieiiereeieesreesseesreesieessvessnesevesenas 5
Irradiation History for RERTR-12 INSEItION 1.....ccecvieviiiiiiiieiieiieieesee e 10
CyCle BreakAOWIL.....coviiiiiiiiiiiieeeee sttt bttt ettt ettt 12
RERTR-12 Calculated Nominal Initial Constituent Masses and Densities for Capsule

Type Z Based off a Nominal Fuel Alloy Density of 17.2 @/CC....cccevieiiiieiiiieeeieeee e 12
RERTR-12 Calculated Nominal Initial Constituent Masses and Densities for Capsule

Type X Based off a Nominal Fuel Alloy Density of 17.2 g/CC....uvivviiiiniiiiiiieiiiecieecee e, 13
: MCNP-Calculated As-run Results for RERTR-12-1 Irradiated in ATR Position B-11

During Cycle 146A, BOC, Averaged South Lobe Power of 25.4 MW ......cccoooiiiiiiiinieninenee. 14
: MCNP-Calculated As-run Results for RERTR-12-1 Irradiated in ATR Position B-11

During Cycle 146A, MOCI1 (16 EFPD), Averaged South Lobe Power of 25.4 MW ................ 15

MCNP-Calculated As-run Results for RERTR-12-1 Irradiated in ATR Position B-11

During Cycle 146A, MOC2 (32 EFPD), Averaged South Lobe Power of 25.4 MW ................ 16
: MCNP-Calculated As-run Results for RERTR-12-1 Irradiated in ATR Position B-11

During Cycle 146A, EOC (50.5 EFPD), Averaged South Lobe Power of 25.4 MW............... 17

MCNP-Calculated As-run Results for RERTR-12-1 Irradiated in ATR Position B-11

During Cycle 146B, BOC, Averaged South Lobe Power of 25.0 MW ......cccoooiniiiininicncnennee. 18

MCNP-Calculated As-run Results for RERTR-12-2 Irradiated in ATR Position B-11

During Cycle 146B, MOC1 (18 EFPD), Averaged South Lobe Power of 25.0 MW................. 19

MCNP-Calculated As-run Results for RERTR-12-2 Irradiated in ATR Position B-11

During Cycle 146B, MOC2 (28 EFPD), Averaged South Lobe Power of 25.0 MW ................. 20

MCNP-Calculated As-run Results for RERTR-12-2 Irradiated in ATR Position B-11

During Cycle 146B, EOC (39.2 EFPD), Averaged South Lobe Power of 25.0 MW ................. 21

Loss Coefficients for the RERTR Irradiation Test Vehicle Components” ..............c.cccoouuen..... 27

Table 19:

Table 20:

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the north side of the plate for capsules irradiated in Cycle 146A, BOC (0 EFPD) .................... 33

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the south side of the plate for capsules irradiated in Cycle 146A, BOC (0 EFPD).................... 34

v



Table 21:

Table 22:

Table 23:

Table 24:

Table 25:

Table 26:

Table 27:

Table 28:

Table 29:

Table 30:

Table 31:

Table 32:

Table 33:

Table 34:

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the north side of the plate for capsules irradiated in Cycle 146A, MOCI1 (16.0 EFPD) ............ 35

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the south side of the plate for capsules irradiated in Cycle 146A, MOC1 (16.0 EFPD) ............ 36

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the north side of the plate for capsules irradiated in Cycle 146A, MOC2 (32.0 EFPD) ............ 37

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the south side of the plate for capsules irradiated in Cycle 146A, MOC2 (32.0 EFPD) ............ 38

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the north side of the plate for capsules irradiated in Cycle 146A, EOC (50.5 EFPD)................ 39

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the south side of the plate for capsules irradiated in Cycle 146A, EOC (50.5 EFPD) ............... 40

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the north side of the plate for capsules irradiated in Cycle 146B, BOC (50.5 EFPD)................ 41

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the south side of the plate for capsules irradiated in Cycle 146B0, BOC (50.5 EFPD) ............. 42

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the north side of the plate for capsules irradiated in Cycle 146B, MOC1 (68.5 EFPD)............. 43

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the south side of the plate for capsules irradiated in Cycle 146B, MOC1 (68.5 EFPD) ............ 44

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the north side of the plate for capsules irradiated in Cycle 146B, MOC2 (78.5 EFPD)............. 45

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the south side of the plate for capsules irradiated in Cycle 146B, MOC2 (78.5 EFPD) ............ 46

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the north side of the plate for capsules irradiated in Cycle 146B, EOC (89.7 EFPD)................ 47

As-run minimum, maximum and average plate surface temperatures over fuel zone on
the south side of the plate for capsules irradiated in Cycle 146B, EOC (89.7 EFPD)................ 48



ACRONYMS

Al Aluminum

ATR Advanced Test Reactor
BOC Beginning of Cycle

DAS Data Acquisition System
EFPD Effective Full Power Days
EOC End of Cycle

FD Fuel Development

GTRI Global Threat Reduction Initiative
HIP Hot Isostatic Pressing
L2AR Local-to-Average Ratio
LEU Low Enriched Uranium

MCNP Monte Carlo N-Particle

MOC Middle of Cycle

Mo Molybdenum

RERTR  Reduced Enrichment Research and Test Reactor
U Uranium

U-Mo Uranium-Molybdenum Alloy

Zr Zirconium

vi



RERTR-12 Insertion 1 Irradiation Summary Report
1. EXPERIMENT GOALS

In support of the Global Threat Reduction Initiative (GTRI) Fuel Development (FD) program (historically
known as Reduced Enrichment Research and Test Reactor (RERTR)), the RERTR-12 experiment was
designed to provide comprehensive information on the performance of uranium-molybdenum (U-Mo)
based monolithic fuels for research reactor applications.'

The RERTR-12 test assembly holds 4 capsules, designated as A, B, C and D, with A at the top of the
assembly and D at the bottom. Each capsule has 2 levels, with 4 plate positions per level, for a total of 8
plate positions per capsule and 32 plate positions per assembly. Within each capsule the 8 plate positions
are azimuthally designated as 1 through 4 in the upper level and 5 through 8 in the lower level. There
were three different capsule configurations associated with the RERTR-12 experiment, the loading
diagram for the RERTR-12 insertion 1 Experiment Capsule Configuration is shown in Table 1. The
experiment matrix for RERTR-12-1 (RERTR-12 first irradiation cycle) is shown in Table 2 and the
experiment matrix for RERTR-12-2 (RERTR-12 second irradiation cycle) is shown in Table 3. The
RERTR-12 mini-plates were oriented plate identification number face on to the core (see Figure 1).

Core

Fuel
> Mini-Plates

Figure 1: MCNP-Generated radial cross-section view of RERTR-12 test assembly (mini-plates C1
through C4).



Table 1: RERTR-12 Insertion 1 Experiment Capsule Configuration

RERTR Test
Train RERTR-12-1 RERTR-12-2
Position Capsule Capsule
A DUM Z
B X3 X3
C X1 DUM
D X2 X2

Table 2: RERTR-12-1 Experiment Matrix

Al A2 A3 A4
BLANK BLANK BLANK BLANK
A5 A6 A7 A8
BLANK BLANK BLANK BLANK
B1 B2 B3 B4
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 70% Enriched 50% Enriched 40% Enriched
HIP HIP HIP HIP
L1P759 L1P784 L1P596 L1P464
B5 B6 B7 B8
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 70% Enriched 50% Enriched 40% Enriched
HIP HIP HIP HIP
L1P785 L1P786 L1P590 L1P465
C1 C2 C3 C4
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 70% Enriched 50% Enriched 40% Enriched
HIP HIP HIP HIP
L1P772 L1P773 L1P591 L1P460
C5 Cé6 C7 C8
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 70% Enriched 50% Enriched 40% Enriched
HIP HIP HIP HIP
L1P774 L1P776 L1P592 L1P461
D1 D2 D3 D4
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 70% Enriched 50% Enriched 40% Enriched
HIP HIP HIP HIP
L1P754 L1P755 L1P593 L1P462
D5 D6 D7 D8
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 70% Enriched 50% Enriched 40% Enriched
HIP HIP HIP HIP
L1P756 L1P758 L1P595 L1P463




Table 3: RERTR-12-2 Experiment Matrix

Al A2 A3 A4
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 40% Enriched 40% Enriched 70% Enriched
HIP 0.020” Thick Foil | 0.020” Thick Foil HIP
L1P787 L2P481 L2P498 L1P789
A5 A6 A7 A8
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 40% Enriched 40% Enriched 70% Enriched
HIP 0.020” Thick Foil | 0.020” Thick Foil HIP
L1P7A0 1L.2P482 L2P499 L1P7A1
B1 B2 B3 B4
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 70% Enriched 50% Enriched 40% Enriched
HIP HIP HIP HIP
L1P759 L1P784 L1P596 L1P464
B5 B6 B7 B8
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 70% Enriched 50% Enriched 40% Enriched
HIP HIP HIP HIP
L1P785 L1P786 L1P590 L1P465
C1 C2 C3 C4
BLANK BLANK BLANK BLANK
C5 Cé6 C7 C8
BLANK BLANK BLANK BLANK
D1 D2 D3 D4
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 70% Enriched 50% Enriched 40% Enriched
HIP HIP HIP HIP
L1P754 L1P755 L1P593 L1P462
D5 D6 D7 D8
U-10Mo U-10Mo U-10Mo U-10Mo
70% Enriched 70% Enriched 50% Enriched 40% Enriched
HIP HIP HIP HIP
L1P756 L1P758 L1P595 L1P463




2. CONSTITUENT MASSES AND DENSITIES

The constituent masses and densities for plates in the X1, X2, X3 and Z capsules were obtained from the
as-built package plate summary sheets’. Table 4 summarizes the constituent mass and density for all
plates irradiated in RERTR-12-1 and RERTR-12-2.

Table 4: RERTR-12 Constituent Masses and Densities for Plates Irradiated in the First and Second Cycle

Fuel Fuel Constituent Masses Constituent Densities
Plate Fuel Plate Volume | Total-U U-235 Mo Total U U-235 Mo
1D Number (co) (8) (8) (g) (g/ce) (g/ce) | (gleo)
Z-1 L1P787 0.3626 6.055 4.201 0.694 16.701 11.587 | 1914
7-2 L2P481 0.8202 12.196 4.788 1.421 14.870 5.838 1.733
7-3 L2P498 0.7941 11.395 4.559 1.244 14.349 5.741 1.567
Z-4 L1P789 0.4040 6.064 4.207 0.695 15.009 10.412 | 1.720
Z-5 LIP7A0 0.4013 6.162 4.291 0.692 15.356 10.693 | 1.724
7-6 L2P482 0.7996 12.193 4.820 1.379 15.250 6.028 1.725
7-7 L2P499 0.7937 11.031 4413 1.205 13.898 5.560 1.518

Z-8 L1P7A1 0.4013 6.167 4.294 0.693 15.368 10.701 | 1.727
X3-1 L1P759 0.3996 6.050 4.213 0.670 15.142 10.544 | 1.677
X3-2 L1P784 0.4005 6.047 4.173 0.688 15.099 10.420 | 1.718
X3-3 L1P596 0.4014 6.143 3.026 0.684 15.304 7.539 1.704
X3-4 L1P464 0.3982 6.034 2.409 0.684 15.153 6.050 1.718
X3-5 L1P785 0.4018 6.047 4.173 0.688 15.052 10.387 | 1.712
X3-6 L1P786 0.3947 5.893 4.067 0.671 14.932 10.305 | 1.700
X3-7 L1P590 0.4013 6.156 3.032 0.686 15.341 7.556 1.710
X3-8 L1P465 0.3925 5.865 2.288 0.662 14.941 5.829 1.686
X1-1 L1P772 0.3936 6.028 4.197 0.667 15.314 10.662 | 1.695
X1-2 L1P773 0.4379 5977 4.162 0.666 13.650 9.505 1.521
X1-3 L1P591 0.3602 6.119 3.014 0.682 16.988 8.368 1.893
X1-4 L1P460 0.3996 6.173 2.408 0.697 15.448 6.026 1.744
X1-5 L1P774 0.3978 5.982 4.166 0.667 15.039 10473 | 1.677
X1-6 L1P776 0.3642 5.186 3.611 0.575 14.238 9.914 1.579
X1-7 L1P592 0.4013 6.113 3.091 0.685 15.234 7.703 1.707
X1-8 L1P461 0.3987 6.115 2.441 0.694 15.337 6.122 1.741
X2-1 L1P754 0.3601 5.906 4.112 0.654 16.400 11.419 | 1.816
X2-2 L1P755 0.3881 5.610 3.906 0.624 14.453 10.063 | 1.608
X2-3 L1P593 0.4022 6.132 3.101 0.688 15.247 7.710 1.711
X2-4 L1P462 0.3997 6.047 2.359 0.683 15.130 5.902 1.709
X2-5 L1P756 0.4274 5912 4.116 0.657 13.833 9.631 1.537
X2-6 L1P758 0.4028 6.005 4.181 0.669 14.907 10379 | 1.661
X2-7 L1P595 0.4015 6.117 3.073 0.683 15.234 7.653 1.701
X2-8 L1P463 0.3974 6.068 2.422 0.688 15.268 6.094 1.731




3. EXPERIMENT HARDWARE

The experiment hardware configuration is identical to that used in the RERTR-7A, -7B, -8, -9A, -9B, -
10A and -10B experiments. A list of irradiation hardware drawings used for analysis is given in Table 5.

Table 5: RERTR Irradiation Hardware Drawing List.

Drawing
Number Drawing Title

DWG-630223 RERTR ATR Large B-Position Irradiation Experiment Assembly
DWG-630233 ATR Large B-Position Basket

DWG-630231 ATR Top Spacer Assembly

DWG-630225 ATR Upper Spacer Assembly

DWG-630229 ATR Bottom Spacer Assembly

DWG-630227 ATR Large B-Position Fuel Capsule Assembly

DWG-630237 Fuel Capsule

DWG-630239 Capsule Cap

DWG-630244 RERTR Mini-Plate

DWG-630245 Fuel Plate, 0.020 Monolithic

The RERTR miniplate irradiation assembly, (see Figure 2) shows the main components of the test
assembly, which include the bottom spacer, upper and top spacers, experiment capsules and basket. The
bottom spacer elevates the experiment capsules to the correct location in the core. The upper and top
spacers allow the operators to assure that the experiment is seated fully into the basket. All spacers are
similar to the capsule design except the spacers do not have the grooves for the plates. The capsules hold
the fuel plates; a capsule cap is welded onto the top of the capsule to keep the plates from sliding out
during handling and irradiation. The fuel plate drawings for monolithic and thick monolithic plates
(DWG-630244 and DWG-630245, respectively) and RERTR miniplate capsule assembly are shown in
Figure 3, Figure 4 and Figure 5, respectively. Each capsule has a notch at the top and a groove at the
bottom which allow the capsules to stack and align properly into the core. The basket holds the test
assembly in the reactor during irradiation, the notches on the outer wall allow for bypass coolant flow to
cool the outer wall. The basket has two guide bars on the inside wall to guide the assembly into the
baskets.
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Figure 5: RERTR capsule assembly.



4. |IRRADIATION HISTORY

The RERTR-12 insertion 1 test assembly was irradiated in cycle 146A and cycle 146B in the large-B
position B-11. The power of position B-11 is represented by the south lobe power which is the average of
the SW, C and SE lobe powers, S = (SW + C + SE)/3. Cycle 146A ran for 50.5 EFPDs at average power

of 112.1 MW (south lobe power of 25.4 MW) and cycle 146B ran for a total of 39.2 EFPDs at average
power of 116.0 MW (south lobe power of 25.0 MW).

There was one mid-cycle SCRAM during Cycle 146A with a duration of 4 days from dates 02/14/2010 —

02/18/2010. There were no mid-cycle SCRAMs during Cycle 146B. This information is tabulated in
Table 6.

Table 6: Irradiation History for RERTR-12 Insertion 1

Mid- South
Cycle Post- Lobe Total
RERTR-12 Scram Cycle Source Core
ATR Capsules Cycle Decay Decay Power Power
CYCLE Irradiated* Dates Irradiated | EFPDs Days Days (MW) (MW)
02/08/2010 —
146A B.C,D 04/03/2010 50.5 4 18 254 112.1
04/21/2010 —
146B A,B,.D 05/30/2010 39.2 0 20 25.0 116.0

*See Table 1 for capsule configurations

The power history for each cycle is obtained as in ATR Surveillance Report from the ATR Data

Acquisition System (DAS). The plots of each lobe power on an hourly basis are shown in Figure and
figure for cycle 146A and 146B, respectively.
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Figure 6: Hourly lobe power history for ATR Cycle 146A.
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Figure 7: Hourly lobe power history for ATR Cycle 146B.

11



5. AS-RUN NUCLEAR ANALYSIS

5.1 Neutronics

The as-run calculations were performed using the irradiation history in Table 4 and the Monte
Carlo N-Particle (MCNP) code. The calculated as-run fission heat rates, fission densities, and as-
run U-235 burnup results for the fueled miniplates reported have an uncertainty band (1c) of
2.5%.? The time intervals used to calculate the average plate power and burnup is shown in Table
7. The average plate power and burnup for the time intervals for cycle 146A are shown in Table
10 through Table 13. The average plate power and burnup for the time intervals for cycle 146B
are shown in Table 14 through Table 17. The plots of the power and fission density as a function
of the ATR Cycle time interval are in Appendix A.

Table 7: Cycle Breakdown

146A 146B
Time Interval (days) (days)
BOC 1.00E-04 1.00E-04
MOC 1 16 18
MOC 2 16 10
EOC 18.5 11.2
Total EFPDs 50.5 39.2
Cumulative 50.5 89.7

The MCNP-calculated neutronic results reported® were calculated using the nominal fuel foil
mass and thickness shown in Table 8 for plates in type Z capsule and Table 9 for plates in type X
capsule.

Table 8: RERTR-12 Calculated Nominal Initial Constituent Masses and Densities for Capsule
Type Z Based off a Nominal Fuel Alloy Density of 17.2 g/cc

Fuel Phase Constituent
Fuel Fuel Fuel Phase Constituent Masses Densities
Fuel Alloy Alloy Alloy (g) (g/CC)
Plate Thick. | Volume | Mass
Position | Enrich. (mm) (cc) (2) Total U U-238 U-235 Mo U-238 U-235 Mo
1 70% 0.254 0.399 6.870 6.183 1.855 4328 | 0.687 | 4.644 | 10.836 | 1.720
2 40% 0.508 0.799 | 13.741 | 12.366 | 7.420 4947 | 1.374 | 9.288 6.192 1.720
3 40% 0.508 0.799 | 13.741 | 12.366 | 7.420 4947 | 1.374 | 9.288 6.192 1.720
4 70% 0.254 0.399 6.870 6.183 1.855 4328 | 0.687 | 4.644 | 10.836 | 1.720
5 70% 0.254 0.399 6.870 6.183 1.855 4328 | 0.687 | 4.644 | 10.836 | 1.720
6 40% 0.508 0.799 | 13.741 | 12.366 | 7.420 4947 | 1.374 | 9.288 6.192 1.720
7 40% 0.508 0.799 | 13.741 | 12.366 | 7.420 4947 | 1.374 | 9.288 6.192 1.720
8 70% 0.254 0.399 6.870 6.183 1.855 4328 | 0.687 | 4.644 | 10.836 | 1.720
Totals | 82.444 | 74.196 | 37.100 | 37.100 | 8.244
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Table 9: RERTR-12 Calculated Nominal Initial Constituent Masses and Densities for Capsule
Type X Based off a Nominal Fuel Alloy Density of 17.2 g/cc

Fuel Phase Constituent

iﬁi} iﬁg; iﬁg; Fuel Phase Co(r;s)tituent Masses Dz:g/sci(t:i)es
Plate Thick. | Volume | Mass
Position| Enrich. | (mm) (cc) (g) |TotalU U-238 U-235 Mo | U-238 U-235 Mo
1 70% 0.254 0.399 6.870 6.183 1.855 4.328 | 0.687 | 4.644 | 10.836 1.720
2 70% 0.254 0.399 6.870 6.183 1.855 4.328 | 0.687 | 4.644 | 10.836 1.720
3 50% 0.254 | 0.399 | 6.870 [ 6.183 | 3.092 | 3.092 | 0.687 | 7.740 | 7.740 1.720
4 40% 0.254 | 0.399 | 6.870 [ 6.183 | 3.710 | 2.473 ] 0.687 | 9.288 [ 6.192 1.720
5 70% 0.254 | 0.399 | 6.870 | 6.183 | 1.855 | 4.328 | 0.687 | 4.644 | 10.836 1.720
6 70% 0.254 0.399 6.870 6.183 1.855 4.328 | 0.687 | 4.644 | 10.836 1.720
7 50% 0.254 | 0.399 | 6.870 [ 6.183 | 3.092 | 3.092 | 0.687 | 7.740 | 7.740 1.720
8 40% 0.254 | 0.399 | 6.870 [ 6.183 | 3.710 | 2.473 ] 0.687 | 9.288 [ 6.192 1.720
Totals | 54.960 | 49.464 | 21.024 | 28.442 | 5.496

13




14!

PI+d8¢€°L 06°CIS Y6'LYET 69°68¢0Y -- Xe]\
PI+d18°¢ LYl 96°€L9 PP CesS1l 0T’Ll €ord 11 8-d
VI+dv1y CSYLL 96'86L 98°IvLEL 0T’LI S6Sd11 L~d
VI+d79V S1°¢st 98°8S11 00°€€661 0T’LI 8SLdIT 9-d
VI+d¥eS YoO'vLE €OCSILL 1€66v6C 0T’LI 9GLdIT W ¢-a
Y1+d09t 98°GLI1 90°508 9G°LY8El 0T’LI OPdI1 —_ 7-a
71+d00°S 18°L0C 9¢'1S6 C1'e9¢e91 0T’LI £€66d171 €-d
VI+dLS'S ¥0°€0¢ STL8EL 9¢€°198¢€C 0T’LI SSLATT «da
PI+d¥€9 €6ty 1L°010T ST S8SYE 0T’LI PSLATT 1-a
y1+dv1S 681761 L1768 06°SvEST 0TLI 19%d 11 8D
P1+d29°¢ 9L°6CC 781501 716081 0TLI c6SdI1 LD
VI+dLT9 L8'8¢EE STISSI ££°7899¢C 0T’LI 9LLATT 9-D0
PI+del’L v 1oy 6L°8¥CC §T0898¢ 0T’LI VLLATT b -0
PI+dSES 26°70C 16°8C6 C8'LL6ST 0T’LI 09%d 11 o -0
P1+d€8°S 81°LET 186801 €L'GLI8] 0T’LI [6sdI1 [0
PI+dLY9 69°6v¢ 080091 8SVESLT 0T’LI €LLATT [
VI+d8¢°L 06°CIS Y6'LYET 69°68¢0Y 0TLI CLLATT -0
P1+dves 08°00C 17616 601851 0T’LI Sord11 8-d
VI+dPL'S 8¥'LET L1°L801 71°66981 0T’LI 06Sd11 L-d
YI+d1¥'9 9¢'8Y¢ ILv6S1 6L 6CYLT 0T’LI 98LdI11 9-d
PI+dEEL 0T90¢ LTLIET 61°8586¢ 0T’LI S8LdI1T < ¢-d
V1+d96% 61°681 907998 9L968%1 0T’LI PordI1 r_h -4
YI1+d0v°S 00'vCC LY'ST01 68°LEILI 0T’LI 96Sd 171 €-d
Y1+d66°S LS'8TE €051 LLTL8ST 0T’LI P8LAIT 4
PI+d€8°9 9T'8LY 8€°681¢C P¥'8G9LE 0T’LI 6SLdI1T -4

-- -- -- -- 0LC Auerg 8V

- - - - 0LC Aueld LV

- - - - 0LC Aueld 9V

- - - - 0LC Aueld M S

- - - - 0LC Aueld <L -V

- - - - 0LC Aueld £V

- - - - 0LC Aueld [

- - - - 0LC Aueld -V
(29s, wrd/u) (;ud/A) [EN) (33/M0) (99/9) aeld uopeIN3Yuo)

xnjq xnjq ey Arsuaq Ansuaq
uoININ JBIH J8H REYVUR |
deyng uoIssIy UOISSI]
MIA ST JO 10m0g 990

ynog pagesday QO V9pI 910KD Sulng [ [-g UONISOd YLV Ul PAJeIpes] [-7[-YL YT 10J SNsIY uni-sy paje[no[e)-dNOIN ‘01 dIqeL




Sl

SI+dLET 17+d06°1 %S8'L PI+d9¢°L SI'sev ITLSET | 81'8868¢ - XN
VI+d96°¢ 0C+HALY'S %¥0Y PI+HS6'E 6161 LEEOL 619611 [0°LI €oPdIT 8-ad
VI+d4691 0C+d8Y9 %¢E8'¢ VI+d8CY CC8L1 68°9C8 Slreeovl L6791 S6SdIT L-d
71+d08°9 07+d0t°6 %96°¢ VI+dSLY ¥6°19C LSTTCI 8'¥790¢C L891 8SLATT 9-a
SI+HI0'1 [Z+d6¢€°1 %08°S VI+dbvyS 89°CLE 9L°GSL1 00°S¥E6C [L91 96LdTT M ¢-d
VI+dCLY 0C+d€S9 %6LY YI+d4691 VO'LLL Y8 LOL8OEI L6791 9rd11 — 7-a
VI+d8S°S 0C+ATL'L %¥SY PI+HLOS §0°80¢C 89°L96 05 18€91 €691 €6Sd17T ¢d
PI+HLT'8 [THAET'T %9LY VI+d¥v9°¢ Ses0¢e L80EYI v Evore 0891 SSLAIT ca
SI+d8I'1 [T+E9°1 %LL9 VI+dCr9 069¢Y 1L°890¢C 88 10TPE €991 PSLATT -a
VI+d¥ TS 0C+HAYT L %0¢°S PI+HST'S LY ¥61 1L°€06 68 CIEST 7691 19%d11 8D
YI+dLT9 07+d€S'8 %10°S Y1+d09°¢ 8¥'C¢ET 8T €801 06°50€81 0691 76Sd11 LD
VI+dIT°6 [¢+49C°1 %0¢°S VI+d€T9 LT9¢E 96°6LS1 61'8LY9C 9L91 9LLATT 9-0
SI+dTE T [C+dT8'1 %ESL YI+dv0°L 08°LLY LT'TLTT €ETaILE LS 91 PLLATT m 0]
VI+AST'S 0C+dPS'L %6¥'S PI+ALES 0T'C0T LO0¥6 05 T1T6S1 7691 097d 11 — 70
YI+dLE9 07+d18'8 %61°S VIHHLL'S 6C°SET 169601 16792681 6891 16Sd11 130)
Y1+d01°6 [Z+40€°1 %8Y'S v1+d¥1'9 6'91¢ LS TE91 IL9TELT YL 91 €LLATT (%0
SIH+HLET [Z+406°1 %S8'L VI+d9€°L SIsev 1TLSET 81'8868¢ 7S 91 CLLATT -0
YI+d0v'S 0C+d9v'L %CY'S VI+d¥ES 6L°00C I7'ce6 7660851 7691 SOPdIT 8-d
VI+d8¢€9 07+dT8’8 %61°S VI+dSL'S 81°G¢€T 7€9601 VL LIS81 6891 06Sd171 L-d
VI+dEE6 [¢+d6C'1 %ry'S P1+d8¢9 69°91¢ c10e9l S¥'86CLT SLII 98Ld11 9-d
SI+d9¢’1 [Z+d88°1 %vL L PI+d0¢°L 16°¢6¥ LS0SET | S9°0688¢ SS9I S8LdIT % ¢-d
VI+d480°C 0C+dC0°L %LT'S VI+HS6' Y cle8l £G'8LS8 7S 16811 S691 Pord11 —_ -4
Y1+d209 0T+HTE'S %68t V1+d0¥°S 01°9¢C £0°€S01 S E08LI 1691 96Sd11 €-d
PI+HES'8 [T+HATT1 %ST'S Y1+d20°9 VL LTE 8L'8ESI €€9086¢C LL 91 P8LATT cd
SI+H6T'1 [C+HABL'T %SEL VI+dL89 €0’ LY 08°9¢€CC 69°880LE 8691 6SLdTT -4

- - - - - - - - Suerg 8-V

- - - - - - - - Suerg LV

- - - - - - - - Suerg 9V

- - -- -- -- - - -- Suerg m G-V

- - - - - - -- - Juerg z v

- - - - - - - - Suerg ¢V

- - - - - - - - Suerg v

- - - - - - - - Suerg -V

(s/23/suoissy) | (33/suorssy) (%) (Qas,und/u) | (ud/A) | (3/A0) (33/M0) (3/3) deld | uopeansyuo)
Apsuoq Apsuoq SE€T-N xnpf xnpf ey Asuaq Arsuaq
ey uoISSI uoIssIy uonardaq 2, U0ININ 1Ol 1ol IOMOg
ddeyang UOISSI UOISSL

MIN 7T JO om0 390 nos
page1day (Addd 91) IDO ‘V9v1 994D Suung [ [-g UonIsod YLV Ul PAJRIPBL] [-7 [~ LYY 10§ SHNSIY UnI-Sy PaJeno[ed-dNIOI :11 d[qeL




91

SI+H9¢T [T+d9L°¢ %67 S1 71+d90°L LL6SY 16°8LTC | SLTOT9E - XeN
PI+dS0Y 1¢+dCT'1 %0T'8 VI+A16°¢ €891 L0889 90° 19611 0891 €oPdI1T 8-d
VI+dLLY 1¢+dTE1 %C8'L VI+dAYT Yy LS VLI 8178 SOSYLEL €L91 S6SdI1T L-d
Y1+d¥69 [C+AT6'1 %V1'8 VI+AILY 86°€ST 69°01CI 7586661 ¢S89l 8SLdITT 9-d
SI+HI10°1 [Z+d6L°C %09°T1 VI+ALES 88°65¢ 0T LYLI 0L°9€€8C [l 9SLdTT M ¢-d
VI+dLLY 1¢+dTE1 %S9°6 VI+d9¢ Y 90°891 £€8°06L gereecel €L91 OrdI1 — €
VI+A19°S 1C+dSS1 %81°6 VI+496'% 81°10¢C 8V 156 [6°0¥8S1 991 €6Sd11 ¢-d
VI+AIT8 [T+ALTT %SS°6 VI+dvSS LY'S6C £6'81v1 6C°59C¢ET 091 SSLAIT a
ST+HSI'T [THALT € %¥SEl VI+dLT9 o911y ¢8°810¢C S8 0I¥Ce G091 PSLATT 1-a
V1+ayCs [C+dsy'l %6501 V1+d66'% 1€°¢81 86’198 89°¢evvl 6991 19%d11 8D
VI+dTC9 1T+dCL'1 %101 VI+dTy'S 69°61C 090l €I'86CLI 6591 T6Sd11 LD
VI+d1T°6 [T+dTSC %6501 YI+d€0°9 §9°CCe LSLSST Y1°S0¥S¢T 1€91 9LLATT 9-0
SIHHIC T [THA19°¢ %l6vl V1+d¥8°9 18°05¥ I8°LTTC | 60°L6YSE €6°Cl YLLATT m gD
VI+d9%°S [T+HHIS'T %¢€0°T1 VI+d¥ 1S 90°061 86°L68 0L°S9611 L991 09vd11 — a0
PI+ALE9 [THA9L'T %6¢01 PI+d8S°S CL9TT eI'LLOT 8CTTS8LI LS 9T 16Sd1T 150
71+d0¥'6 12+409°C %1601 VI+d7C9 S0Cee 6L°S091 66°S119¢C 8C91 ELLATT (&0
SI+H9¢E1 [T+HA9L°€E %6¥°S1T PI+d90°L LL6SY 16°8LCT SLT0T9¢ 68°C1 CLLATT -0
VI+der'S 1Z+d0S°1 %L6°01 VI+dy1S £€5°681 LTS68 81 €Corl L9791 SOPdIT 8-d
PI+HLE9 [T+d9L°1 %6¢01 VI+dSSS (4R Y44 6£0901 0T'9LSLI 8691 06Sd11 L-d
VI+dLE 6 17+d6S°C %8801 VI+d81°9 1€0¢e 60°L6ST 66°8009¢C 6791 98Ld11 9-d
SI+ASET [T+deL’ e %SESI 71+d00°L €565y Y6'SLTC | T9E8I9¢E 06°ST S8LdIT % ¢-d
VI+d01°S 1¢+Hd1v' 1 %¥e 01 VI+AI8'Y I1S°6LI1 1€°9%8 [4:2%384! 0L 91 Yord11 —_ -4
Y 1+d80°9 [C+d89°1 %886 VI+dTTS I8°€IC L6101 8G°GER91 0991 966d11 ¢-d
P1+498°8 [T+ASY'T %0¢01 VI+dE8°S SL'SIE S1°Tesl €V 98T £€91 Y8LATT 4
SI+H8T1 [T+AYS€ %¢€9v1 V1+465°9 Y90y I8°ELIT CT9697 ¢ 96°C1 6SLdTT -4

- - - - - - - - yuelq 8-V

- - - - - - - - yuelq LV

- - - - - - - - yuelq 9-vV

-- -- -- - - -- -- -- yuerg m SV

- - - - - - - - Jueg Z v

- - - - - - - - yuelq ¢V

- - - - - - - - yuelq v

- - - - - - - - yuelq -V

(s/29/suoissy) | (33/suorssy) (%) (Qas,un/u) | (u/py) | (B/A) (33/M) (23/3) deld | uoyeansyuo)
Aisuaq Apsuoq SE€T-N xnpf xnpf ey Arsuaq Lsuaq
d)ey uoISSI uoIssI uonrdaq ¢, 0NN 1Ol 1ol 1OMOg
ddeyang UOISSI UuoIsSIj
MIA ST JO 19M0J 2q0T JIN0S paSeIony

“(Addd 7€) TOON V91 919D Suun( [ [-g UonIsod YLV Ul pajeIpest] [-Z[-Y LITY 10J SHNSAY uni-sy paje[nd[e)-dNOI 71 2198l




L1

SI+dTe’l 1T+d8L'S %L9°€T 71+d00°L LTItV LY'€9TT | LY'1SEVE - XeN
PI+HE0Y IT+H9L1 %€£6'Cl P1+d06'¢ Levl $6'789 1991¢T1 LS 91 €9vdIT 8-a
VI+ALL'Y 12+d80°C %0¢°Cl PI+HETY 0CT'CLI $8'¢T8 S6'8SS¢El 991 S6SdIT L-a
PI+HL6'9 12+d90°¢ %C8'Cl PI+dO0LY 98°0SC 0¥'STCl | 69°TSL61 1ol 8SLdIT 9-d
SI+d00°1 1T+HdLeY %181 PI+HEE'S [4%°4° I8°0VLL | L9°E€STLT 99°¢1 9SLdIT v& ¢-a
YI+HIL'Y 12+d90°C %10°S1 P1+dySy 8191 86'V8L 96°LT6C1 LY91 9PdI1 — a¢
PI+dLS'S 12+det'c %CeETl P1+dy6'v 17861 7S°SS6 0°L09ST €e91 €6Sd11 ((
PI+H8T1'S 1T+dLS € %6671 P1+dES'S 96'06C 06'LEV] | LTO16TT €6°Sl1 SSLATT «a
SI+H9T'1 12+d80°S %€6'0C PI+HIT9 0S°C6¢ L0'S00T | LL'S060€ 4! PSLAIT -a
PI+d81°S 12+49T°C %9¥91 y1+d86v 89°8L1 10°868 6769071 0791 19%d11 8D
PIHHLT9 12+d69°C %8L'S1 PI+AIY'S LTI1T €e'8701 | ¥8°8C0OLI ¥T91 T65d1T LD
YI+d10°6 1T+d€6'€ %9¥91 Y1+d10°9 €1'81¢ C0°S8ST | ¥S610ST 08°SI1 9LLATT 9-0
SI+d8T'1 [C+H6S°S %86°CT PI+HdLL9 ST8Ty CO'TITT | L90CLEE YTSl YLLATT o -0
P1+d6€°S IT+HSET %60°L1 PI+dEL'S 10°681 86688 SL'LISY LEII 09vd 1T — a0
PI+HEE9 1T+d9L°C %6191 VI+dLS'S ¥SCTC 8¢€°0801 | 99°CTCSLI (44 ) 16Sd1T €0
PIHHIC6 12+d90'% %L691 ¥1+d0T°9 §L9TE 61°CE91 | €¥'8CLST 9L°SI €LLATT (40
SI+HTE T [CTHASL'S %L9°€T 71+d00°L LTItV LY €9TT | LB1SEVE 8I°S1 TLLATT -2
P1+d¥ES 12+d¢€€'C %9691 PI+dCI'S YTy8l1 96'688 SO'LOSY LEIIT SOvdI'1 8-
P1+d8T'9 12T+dyL'T %6091 PI+dES'S 9¢61C 166901 | 00°88CLI €91 065d11 L-d
P1+d9T°6 12+dv0'v %6891 PI+dST19 9L'yT¢E L1291 | PEILSST LLST 98Ld11 9-9
SI+dTe’l 1T+HASL'S %9S°€T P1+dS6'9 L6'SEY 09T | TI'8TErE 6161 S8Ld1T X ¢-d
P1+d¥0°S 12+40T°C %2091 PI+d6LY 08'¥LI £€'8¢8 8Y €9LET w9l Yord11 —_ -4
1+400'9 12+d29°'C %8¢'S1 PI+dTTS 8C°01¢C SOLIOT | 9TLSSII LTIl 965d11 ¢-d
PI+HSL'S 12+d¢€8°¢ %L091 P1+dT8'S LTTIE €CLYST | TT60SPT ¥8°C1 ¥8LAIT cd
SI+d9T'1 12+d8t'S %8¥°CC PI+dES9 19'61¥ ¢ST91T | 06'6£0€E 8TS1 6SLd1T 1-d

- - - - - - - - yuelg 8-V

- - - - - - - - yuelg LV

- - - - - - - - yuelg 9-V

-- -- -- -- -- -- -- -- Suerg m SV

- - - - - - - - yuelg Z v

- - - - - - - - yuelg I 4

- - - - - - - - yuelg v

- - - - - - - - yuelg -V

(s/33/suoissy) | (39/suorssy) (%) (Qas,und/u) | (u/Ay) | (3/A0) (33/M0) (39/3) aeld uone.Insyuo)
Apsuaq Apsuaq SE€T-N xnpq xnpq ey Asuaq Aisuaq
J)ey UoISSL| UoISSI | uonrda( 2, uonnAN 1ol T IOMOg
ddepIng UOISSI] UoISSI|

M #'$T JO IoMOJ 9q0T YINOS PITEIOAY

“(AdJd $°0S) DOH V91 S[0AD Sunn( [ [-g UONISO YLV Ul PARIPel] [-Z[-JLYTY 10J SHNSNY uni-sy paje[ndfe)-dNIIN €1 9[qeL




81

VI+dCC9 L1°69¢ 60116l 79'8906¢C -- XeIN
VI+dye€ 0S¥II A8 2% 06°S106 LS91 €ordI1 8-d
VI+dE9°¢ 089¢1 8V 1S9 8V ILLOIT 991 S6Sd1T L~d
b 1+H90"t S €0T 6€766 85°97091 Trol 85Ld11 9-a
PI+H6S Y 65°T8C 9T ITYI 68°0S72T 99°61 osLdlT | $-a
PI+ES6'E tsel 0$°9%9 T6'9901 Ly91 9rdIT N -
PI+H8T Y PET91 19°28L L8'T8LTI €691 £65d1T ¢-a
PI+ELLY 99°0tC 06811 1867681 €6°S1 SSLAIT -a
P1+H8E'S 6L92¢€ 9€'6991 €TTELST 14761 pSLdIT 1-a
-- - - - - yuelg 8D
- - - - - yuerg LD
- - - - - yuerg 9-D
- -- -- -- - uelg m [S0)
- - - - - yuerg Z )
- - - - - yuerg %0)
- - - - - yuerg 0
- - - - - Aueryq -0
VI+dyS vy 0€°SSI 8L9YL 81'8¢CCl LEII SOrdI'T 8-d
VI+dE6'v ce981 0Tt06 8L°0LIY] €Col 06Sd11 L-d
VI+d06°S ¥0°SLT O ELET 189691¢C LLST 98Ld11 9-gd
Y1+dCC9 L1°69¢ 60116l 79'8906¢C 6161 S8LAI'T % ¢-gq
VI+dLE Y 98°S11 75669 0678711 w9l PordI1 0 -4
VI+dSLY €09LIT €668 68°098¢1 LT91 96Sd11 ¢-d
VI+dLTS 65°65C ¥ 067l 81°0¥70C 8¢Sl ¥8LdIT 4
Y1+d06°S reve 6L°0081 €CEISLT 8CT¢CI 6SLd11 -4
V1+400v 1€°L81 SY'LS8 SS8YLYI 0TL1 IVLAIT 8-V
Y1+d0C¥ 0890¢ SEELY 06° 1718 0T’LI 66vdT1 LV
VI+d€9Y 65°€ST £€v'08¢S 6L°€866 0TL1 8rdT1 9-V
VI+d9¢°S 06'9¥¢ 0°88S1 SI'STELT 0T’LI OVLdIT N S
VI1+d9C°¢ A4y €969 T0°LL6TI 0TLI1 68Ld1T - a4
VI+d6¢°¢ 81891 Y6'¥8¢ 6171299 0TLI1 86vdT'1 ¢V
VI+dCL' € 8¥°90C 19°CLY 9T°6C18 0TLI1 187dT1 TV
VI+dIEY IL°LLT LTTLTI G§G9981¢C 0TLI1 L8LATT I-v
Gs oW | QuM) | M) | GYM) | B8 | 9w | uopeamsguo)
xnp xXnpq ey Aisuaq Aisudq
U0IINAN JeoH JeoH IMog
ddepIng UoISST uorssIg

MIN 0'ST JO 19M0g 2907
Inog paselany DO ‘G9p1 S19AD SuLing [ [-g UonIsod YLV Ul PARRIPe] [-Z[-YLITY 10J SHNSAY UNI-SY Pare[nd[e)-dNOI :#1 21qeL



61

SI+AvT1 I1C+d1¢L %16°6C PI+d8¢9 €S9LE YL9T0C | 8€'8%796C - XN
VI+A8L'E [C+avTT %9191 PI+HSS € A 74| 86°86¢S SO'S186 o9l €oPdI1T 8-ad
vI+dev'y [C+499°C %89°G1 PI+HS8°¢ 96°6v1 8L9CTL 69°LO8II G¢T9l S6SdI1T L-d
PI+HLS9 17+d68°¢ %91 VI+ACE Y S €CT 0Celll LY ¥6SLI1 I8°6I 8SLdITT 9-d
VI+d6€°6 1C+49¢°¢ %850°€T VI+HL8 Y 16°10¢ er 1961 8E€TLLET (44! 9SLdTT v7M ¢-d
VI+dvvy [C+d€9°C %LT61 VI+HHEL Y k424! 97869 P8 YSELI 9791 OrdI1 N 7-d
VI+ALTS [C+ATI'E %9¢°81 vI+d6tv' vy LT'SLT 9" LS8 6L COLE]L 6091 €6Sd11 ¢d
VI+AvL L 1C+Hd8S Y %LT 61 YI+400°S S1°86¢C SSLOEL 05°05¢€0¢C 9¢°¢Cl SSLAIT ca
SI+d60°1 1Z+dSY9 %729'9¢C PI+dS9°C yeTre S69081 96°6569¢C [ a4l PSLATT -a

- - - - - - - - Suerg 8-

- - - - - - - - Suerg LD

- - - - - - - - Suerg 9-D

- -- -- -- -- - - -- Sue[g m S0

- - - - - - -- - Juerg Z a®)

- - - - - - - - Suerg %0

- - - - - - - - Suerg 0

- - - - - - - - Suerg -0
VI+d¥0°S 1+d86°C %69°1C VI+d89°% 90791 78°06L 1L°09LC1 7191 SOPdIT 8-d
Y1+d96°S [T+dES'e %389°0C VI+d0T'S 61°861 Ge'086 86'8C9¢S1 76°S1 06Sd11 L-d
VI+d6L'8 12+d0T°S %9L°1C PI+HIL'S §9°'16¢C 0T96¥1 81'¥96CC S¢Sl 98Ld11 9-d
SI+AvT1 IC+d1¢L %16°6C PI+d8¢9 €S9LE YL 90T | 8E8¥96C vl S8LdIT M ¢-d
VI+dSLY [C+AI8'C %SS0C VI+AYS Y 60151 vI'6vL LLTEITI 0291 Yord11 o -4
VI+d489°¢ [T+H9¢°¢ %cCL61 VI+dC6'Y 10°L8I £€°0C6 0T SCLYI 0091 966d11 €d
PI+HEE8 1Z+dE6'Y %¥9°0¢C VI+ALY'S YL'8LT el Iyl 06°LY61C 12443! Y8LATT 4
SI+HLIT 1C+dS69 %¢€S'8¢C PI+HEL9 G8'19¢ 09°1¢6l 9 C6v8C SLYI 6SLdTT -4
PI+HEE T 07+d06°L %6¢°¢ VI+dCIY L8 Y61 L8906 [4% 245! 691 VLI 8V
CI+dLE L 07+d9¢ ¥ %6T'¢ VI+HTE Y eL'EIT 89°¢ov LOVIP8 YO L1 66vdT1 LV
cI+dv0°6 0T+dses %6’ VI+d9L Y 9"C9C 8¢€°L09 LTEEL0] 10°LIT 8vdT1 9V
VI+dLY'C [T+A9%°1 %¢E19 VI+dTSS 9¢°LS¢E 9¢°L891 LY ¥S18C 6991 OVLdI1 N v
V1+d80°1 0C+dcy 9 %PL'T VI+d¥E € GS6S1 L1T°0¥L 69°795C1 L691 68Ld1T - v
€1+400°9 0C+dSsS'e %99°C VI+HTS € LOSLT R4 9¢€7689 80°L1 86vdT1 134
CI+dLE L 07+d9¢ ¥ %¢ET'E VI+HS8¢ 08°T1¢C 0T 687 65°8¢¢€8 SOLI 18%dT1 Vv
V1+d86°1 [THALT'T %loY Y1+d0S ¥ ¥1°68¢C [44°1%7! 79°99LTC 6L91 L8LATT I-v

(s/23/suoissy) | (33/suorssy) (%) (Qas,und/u) | (ud/A) | (3/A0) (33/M0) (3/3) deld | uonein3yuo)
Apsuoq Apsuaq SE€T-N xnpf xnpf ey Asuaq Aisuaq
J)ey UOoISSL uoIssIy uonasrdaq 2, 0NN 1Ol 1Ol IOMOg
ddeyang UOISSI UOISSL

MIN 0°SZ JO 1oMO0J 2q0T [INOS POSEIdAY

(ad4d 81) TDON ‘d9¥1 994D Surn( T[-g UONISOJ YLV Ul PAeIpe] Z- - LYY 10] SHNSRY UnI-sy paje[nded-dNOI ST A9l




0¢

SI+HIITT [T+A8T1'8 %LS €€ P1+d6T'9 99°€9¢ SL°000T | £6'7£98T -- XeN
PI+HEL'E 12+d¢€S°'C %09°81 P1+dES € €Tyl €5°009 8L18L6 6791 €9rd11 8-d
y1+dvyy 12+d10°¢ %SL'L1 P1+d¥8'¢ 06'6v1 1TzeL 00°€0811 4R S6Sd1T L-d
PI+dCS9 [T+aTr'y %99°81 PI+HCE Y 66°0CC 6V 11T | 91'10VLI 1961 8SLAIT 9-d
PI+dET 6 [T+d9T'9 %10°9¢ PI+HES Y es6C TS ESST | LY esTeT L6V 96Ld11 e ¢-a
PI+HIC Y 12+d96'C %69°1¢ P1+d01Y ocerl 6L°€69 0596111 191 9Pd11 N y-a
YI+H0TS 12+dese %8L°0C y1+devv T10°€ELT 96758 80°€T9¢l €6°61 €6Sd11 ¢-a
PI+dy9°L [T+HA8T'S %6L'1C P1+d66'Y 0L°SST creIer | €rveroc yesl SSLdIT «-a
ST+HLO’T [THAST'L %¥6'6¢ PI+d8S°S 8¥1¢¢ SEVY8LL | T6'0019C €9yl vSLATT -a

- - -- - - - - - quelg 8-0

- - - - - -- -- - yuelg LD

- - - - - -- -- - yuelg 9-D

-- - - -- -- -- -- -- yuejg m S0)

- - - - - -- - - yuelg Z a®)

- - - - - -- -- - yuelg €D

- - - - - -- -- - yuelg 1%0)

- - - - - -- -- - yuelg I-D
PI+HS6'Y 12+49¢°¢ %9Y'¥C P1+d19'v 9¢'8¢S1 eV oLL S 69vC1 0091 SOPdI'T 8-d
PI+d88°S 12+d66'¢ %0¥°€C P1+d10°S 90°¢ol 76'€96 09°10CS1 LL'ST 065d11 L-4d
PI+dL9'8 [T+d88'S %¥9¥T PI+HI19°S 96'98¢C ervorl | 90'%95TT 0r°st 98Ld11 9-9
SI+AITT [T+A8T1'8 %LS €€ P1+d6T9 99°€9¢ SL000C | €6'7€98¢C 1€yl S8LdIT X ¢-d
PI+dLIY IT+HALT'E %v1€C PI+dISY P1ICst 8L'SYL €9'6L611 9091 voPd11 S -4
P1+d09°S 12+d08°¢ %6TTC PI+dL8 Y 89°¢81 I1°¢r6 SO'€9PP1 7861 965d11 ¢-d
PI+dET'8 [T+H8S'S %Il¥'€C PI+HEY'S CEYLT 6¥°0Trl | 98°66S1C 1761 ¥8LAIT 4
SI+AST'I [THA6L'L %90°C¢ 1+d90°9 8°0S¢ 19°CI61 | 8Y'€C9LT 244! 6SLd11 1-d
PI+d€8’1 1¢+avc1 %¥reS P1+d60'Y 6CC61 7S°€06 90rIsT 9L91 IVLdIT 8-V
PI+d10°1 0T+dS89 %Cl'S PIHHIC Y I7vic 18°LoY L1'1¥¥8 9691 667dT1 LV
PI+dYT 1 0T+d1¥'8 %619 PI+dCLY 68°19¢ €0°019 89°01¢€01 0691 8PdT1 9V
PI+d6€°€ 1T+d0€°C %79°6 PI+d8t'S Ssove 6€°6L91 | STETSLT 6€91 0vVLdIT N e
yl+det’1 IT+HH10°1 %LEY PI+d€e€ 6v'LS1 LY 9¢EL 0s°00tCl 7891 68Ld11 - v
CI+avT8 0T+d6S°S %Ly PI+HTS € 9S¥LI (4977 ¥9°CL89 00°LT 867dTT &V
PI+dI10°1 0C+d28'9 %90°S P1+d68°¢ 6L¥1C 1L'86% 01°96%8 9691 187dT1 v
PI+HEL'T [T+H68'1 %SLL YI+d0S ¥ LS 06T PL'TBEL | 69°6L8TT Gsal L8LATT I-v

(s/23/suoissy) | (33/suorssy) (%) (Qas,und/m) | (ud/A) | (B/A) (33/M0) (23/3) deld | uopean3yuo)
Apsuoq Apsuoq s€T-N xnpq b ey Aisuaq Asuaq
J)eY UOISSI uoIsSL{ uondrdaq %, uoNMAN 1Ol )T IOMOg
ddepIng UoISSI| uorssIy

MIN 0°SZ JO 1oMO0J 2q0'T [INOS POSEIdAY

(Addd 87) TOOWN ‘g9t 1 294D Sunn(y [ -g UONISOJ YLV Ul PAJRIPLL] 7-7T-Y LYHY 10§ SHNSIY UnI-sy paje[nofe)-dNOI 91 dqeL




¥4

SI+A8T'1 [T+dST1°6 LS LE YI+d97°9 GS1Is¢E ¢S861 €I'189LTC XeIN
VI+d69°¢ 17+Hd98°C %00°1¢ VI+dESE 18°CCI ¢0'86¢S L8°6996 L1991 €9PdIT 8-ad
VI+d0v' v IZ+HAIV' € %cC1°0C VI+dE8°€E 08811 8G°¢EEL C8IILII L6°SI S6SdIT L-d
YI+dSY9 [Z+400°S %WIT'1C VI+HAIE Y orelc 00Tl VL 1STLI or' Sl 8SLdIT 9-a
YI+d01°6 [T+dS0°L %67°6C VI+A18'Y £0°88¢C W rrSl ¢e'6L9TC 8911 9GLdTT v7AV ¢-d
VI+dIeY 1Z+ave€ %0t vC V1+d460'Y L1°0¥I1 08°689 STLEOLT 0091 9rd11 N 7-d
VI+ASTS 17+d66°¢ %St €T VI+A8Y' Y ISTILT 968 68 170S¢l LLSI €6SdI1T ¢d
PI+H9G6°L [C+d98°S %¥9°vC VI+d86'Y LEEST IV 1cel 005661 0r¢l SSLAIT ca
SI+HSO1 [T+HAET'8 %LSEE VI+dSSS £CTCe 91°€LLT €8°CLEST 1€yl PSLATT -a

- - - - - - - - Suerg 8-D

- - - - - - - - yuerq LD

- - - - - - - - yuerq 9-0

-- -- -- - - -- -- -- Suerg m S-D

- - - - - - - - Juerg Z a®)

- - - - - - - - Suerg %0

- - - - - - - - Suerg (40

- - - - - - - - Suerg -0
VI+d88'% IC+H8L'€ %6Y'LT 71+d09'% 05°SS1 08'CLL €8°EvCCl 78°C1 SOrdI'T 8-d
PI+d18°S 1Z+d0S v %LEIT 71+d00°S 16l 90996 6695051 65°S1 06Sd11 L-d
PI+HLS'S 12+d%9°9 %I8LT Y1+d09°S 9T €8T 6€v0ST 0L°€0€TT €8l 98Ld11 9-d
SI+A8T'T [Z+ds1°6 YLSLE Y1+d97°9 G IS¢E ¢S861 €I'189LTC 96°¢1 S8LdIT M ¢-d
VI+d79'Y [C+H86°¢ %¥0°9¢C vi+dev'y 65671 0°0vL 99°8LLI1 C6°S1 PordIT o -4
VI+ACSS 1C+A8CY %I1°SC VI+498'¥ IL7181 0S°€lo6 90°80¢¥ 99°¢1 96Sd171 €-d
PI+AV 18 [T+HA1€9 %1 9T VI+ATY'S LS ILT 1Z2mE574! 9L €8C1T Y6Vl P8LATT cd
SI+HET'T [C+ATL'8 %88°S¢ V1+dv0°9 99°6¢¢ C8°S681 81°SYLIT 1Tyl 6SLdTT -4
VI1+d9C°C [C+HASL'T %PS'L V1+d80°1% 6L°061 057906 G8°CC0S1 LS91 IVLAIT 8V
VI+dST1 0Z+d0L°6 %9T'L VI+d0€Y 89°¢1C 81°66% SLTIVS G891 66vdT1 LV
PI+d¥S'1 [Z+d61°1 %88 VI+dILY 05°09¢C 9¢'T19 78°6ST01 8L91 8rdT1 9V
PI+HSTY [T+HTT¢ %IS¢El VI1+d9%°S 8CI¥¢ CI'SL9T 60°9689¢C 9091 OVLdIT N S
PI+dS8°1 [C+Hder’l %L1°9 VI+HEE € LO9ST 8€9¢L £6'88CCI 6991 68Ld11 - v
VI+d20°1 02+406°L %V6°S PI+dCS'¢E 66°ELI 8801 1676189 691 86¥dT1 134
VI+dST1 0C+dL9°6 %0T’L V1+d68°¢ 9¢°¢1¢ L3'86¥ 9L LOV8 G891 187dT1 Vv
VI+d8¢€ 1Z+d79°C %¢€0°T1 VI+d8v' ¥ ¥8'¥8¢C 8L'8LEI (414444 LTI91 L8LATT I-v

(s/29/suoissy) | (33/suorssy) (%) (Qas,un/u) | (u/p) | (B/A) (33/M0) (23/3) deld | uopeansyuo)
Aisuaq Apsuoq SE€T-N xnpf xnpf ey Aisuaq Asuaq
J)eY UOISSL uoIsSIy uonardaq %, U0IININ 1Ol 1Ol 1OMOg
deyang UOISSI UuoISSI

MIN 0°SZ JO 1oM0J 2q0T [INOS PoSEIdAY

(Addd T6€) DOT ‘d9¥1 994D Suun( T[-g UONISOJ YLV Ul PAeIpel] - 1-Y LYY 10] SHNSRY UnI-sy paje[nded-dNOI L1 d1qeL




5.2

Gradients

The MCNP-calculated power gradients in the transverse and axial directions are represented by
the beginning of life fission rate local-to-average ratios (L2ARs) as a function of position along
the fuel foil. Figure 8 through Figure 11 depict the power gradient in the transverse direction and
Figure 12 through Figure 15 depict the power gradient in the axial direction. The 2D gradient
map for each plate can be found in Appendix B.

The L2ARs were also calculated at each time step for the first two cycles. The end of life
depleted L2ARs can be found in Appendix C (Note: capsule A from cycle 146B is not included in
these tables given that it was irradiated in RERTR-12 Insertion 2 campaign where depleted L2AR
analysis was not performed).

RERTR-12 Type Z L2AR (Transverse)
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Figure 8: BOL fission rate local to average ratio in the transverse direction for a type Z capsule in
the A capsule position.
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RERTR-12 Type X L2AR (Transverse)
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Figure 9: BOL fission rate local to average ratio in the transverse direction for a type X capsule in
the B capsule position.

RERTR-12 Type X L2AR (Transverse)
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Figure 10: BOL fission rate local to average ratio in the transverse direction for a type X capsule
in the C capsule position.
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Figure 11: BOL fission rate local to average ratio in the transverse direction for a type X capsule

in the D capsule position.
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Figure 12: BOL fission rate local to average ratio in the axial direction for a type Z capsule in the

A capsule position.
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RERTR-12 Type X L2AR (Axial)
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Figure 13: BOL fission rate local to average ratio in the axial direction for a type X capsule in the
B capsule position.
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Figure 14: BOL fission rate local to average ratio in the axial direction for a type X capsule in the
C capsule position.

25



RERTR-12 Type X L2AR (Axial)
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Figure 15: BOL fission rate local to average ratio in the axial direction for a type X capsule in the
D capsule position.
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6. HYDRAULIC TESTING

A fully assembled irradiation test vehicle (with simulated fuel plates) was used for testing. The test
vehicle was fabricated such that the orifice plates could be easily changed. The hydraulic resistance of the

RERTR Large B-Position irradiation test vehicle with various orifice plate sizes were calculated, the
results are shown in Table 18.

Table 18: Loss Coefficients for the RERTR Irradiation Test Vehicle Components*

ATR Coolant

Orifice Dia. K/A? Flow Rate

(mm) (1/m%) (cm’/sec)
10 5.3041 x 10° 1252
9 8.2181 x 10° 1046
8 1.6961 x 10° 757
7.32 2.9022 x 10’ 588
7 3.0058 x 10’ 579
6 4.0784 x 10’ 500
5 101743 x 10" 298

Bypass 2.7958 x 10° -

Vehicle 1.4161 x 10 2727

Based on the results from the hydraulic testing, the orifice was removed leaving the capsule in the
“Vehicle” configuration to provide an ATR coolant flow rate through the capsules of 2727 cm®/sec.’
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7. AS-RUN THERMAL ANALYSIS

The thermal as-run analysis was performed using the as-built geometry, MCNP-calculated surface heat
flux (W/cm®) and nominal coolant channel flow rate. ABAQUS® was used to calculate the coolant
channel temperatures and plate surface temperatures.

The heat transfer correlation used to calculate these temperatures was calculated from the Colburn
equation (equation 5-50c from Reference 7):

hD
Nu = - = 0.023Re%8pr03

Where Nu is the Nusselt number, h is the heat transfer coefficient, D is the hydraulic diameter, k is the
thermal conductivity, Re is the Reynolds number and Pr is the Prandlt number.

The thermal analysis was performed using the beginning of life L2ZARs shown in Section 5.2.

7.1 Coolant Channel Temperature

The coolant temperature was analyzed at the five flow channels in the capsule (see Figure 16). For each
interval, the coolant temperature was plotted as a function f location along the test assembly with 0.0 in.
being at the top of the assembly®. These plots are shown in Figure 17 through Figure 24.

- Channd 1 Front Flate lors L [ Core
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Channd 2
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Figure 16: RERTR-12 capsule cross section with the front (side with plate ID) of plate 1 facing the core.
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Figure 17: Coolant channel temperatures as a function of location along the RERTR-12 test assembly at
BOC 146A (0.0 EFPD).
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Figure 18: Coolant channel temperature as a function of location along the RERTR-12 test assembly at
MOCI 146A (16.0 EFPD).
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Figure 19: Coolant channel temperature as a function of location along the RERTR-12 test assembly at
MOC2 146A (32.0 EFPD).
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Figure 20: Coolant channel temperature as a function of location along the RERTR-12 test assembly at
EOC 146A (50.5 EFPD).
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Figure 21: Coolant channel temperatures as a function of location along the RERTR-12 test assembly at
BOC 146B (50.5 EFPD).
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Figure 22: Coolant channel temperature as a function of location along the RERTR-12 test assembly at
MOCI 146B (68.5 EFPD).
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Figure 23: Coolant channel temperature as a function of location along the RERTR-12 test assembly at

MOC?2 146B (78.5 EFPD).

vesnnes Channel 1

75

= = (hannel 2 < = Channel 3

« Channel4 s Channel 5

70

L=
wn

[=a]
=

Temperature (C)

35

50

Distance (in.}

Figure 24: Coolant channel temperature as a function of location along the RERTR-12 test assembly at

EOC 146B (89.7 EFPD).
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7.2 Plate Surface Temperature

The minimum, maximum and average plate surface temperatures over the fuel zone on each side of the
plate are shown in Table 19 through Table 34, where the plate ID side of the plate is facing the core® (see
Figure 16).

Table 19: As-run minimum, maximum and average plate surface temperatures over fuel zone on the north
side of the plate for capsules irradiated in Cycle 146A, BOC (0 EFPD

Minimum Maximum Average

Plate Temperature | Temperature | Temperature
Location | Plate ID ©) (©) ©)

B-1 L1P759 78.56 134.13 119.56
B-2 L1P784 72.92 113.23 98.67
B-3 L1P596 67.89 98.51 85.64
B-4 L1P464 65.40 89.81 81.76
B-5 L1P785 82.39 142.79 126.37
B-6 L1P786 77.17 123.17 104.23
B-7 L1P590 70.34 105.15 89.58
B-8 L1P465 66.59 94.99 85.16
C-1 L1P772 88.07 144.39 130.46
C-2 L1P773 81.66 123.27 107.60
C-3 L1P591 74.10 103.90 92.10
C4 L1P460 70.69 95.79 87.49
C-5 L1P774 90.58 144.61 131.83
C-6 L1P776 83.60 127.53 109.77
C-7 L1P592 74.91 108.19 93.68
C-8 L1P461 71.74 98.63 88.40
D-1 L1P754 93.05 142.75 128.97
D-2 L1P755 86.82 125.06 108.65
D-3 L1P593 78.06 105.36 93.76
D-4 L1P462 73.66 95.67 88.21
D-5 L1P756 93.89 136.10 124.92
D-6 L1P758 86.68 118.30 105.83
D-7 L1P595 78.33 100.89 91.77
D-8 L1P463 73.77 93.33 86.22
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Table 20: As-run minimum, maximum and average plate surface temperatures over fuel zone on the south

side of the plate for capsules irradiated in Cycle 146A, BOC (0 EFPD

Minimum Maximum Average

Plate Temperature | Temperature | Temperature
Location | Plate ID ©) ©) (©)

B-1 L1P759 78.10 131.12 117.24
B-2 L1P784 72.90 112.76 98.43
B-3 L1P596 67.89 98.33 85.55
B-4 L1P464 65.65 91.04 82.73
B-5 L1P785 81.80 139.98 123.74
B-6 L1P786 76.95 122.27 103.48
B-7 L1P590 70.22 104.68 89.24
B-8 L1P465 66.82 96.28 86.13
C-1 L1P772 87.39 141.01 127.66
C-2 L1P773 81.29 122.50 106.52
C-3 L1P591 73.87 103.12 91.48
C-4 L1P460 70.88 96.94 88.35
C-5 L1P774 89.76 141.60 128.91
C-6 L1P776 82.93 125.75 108.14
C-7 L1P592 74.51 107.13 92.76
C-8 L1P461 71.89 99.43 89.16
D-1 L1P754 92.25 139.36 126.18
D-2 L1P755 85.82 123.62 106.89
D-3 L1P593 77.40 104.34 92.59
D-4 L1P462 73.74 96.56 88.75
D-5 L1P756 93.00 132.93 122.23
D-6 L1P758 85.62 116.23 103.59
D-7 L1P595 77.66 99.46 90.35
D-8 L1P463 73.77 93.98 86.57
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Table 21: As-run minimum, maximum and average plate surface temperatures over fuel zone on the north
side of the plate for capsules irradiated in Cycle 146A, MOC1 (16.0 EFPD)

Minimum Maximum Average

Plate Temperature | Temperature | Temperature
Location | Plate ID (©) ©) ©)

B-1 L1P759 78.22 133.11 118.71
B-2 L1P784 72.87 113.08 98.56
B-3 L1P596 68.02 98.88 85.91
B-4 L1P464 65.40 89.81 81.75
B-5 L1P785 81.80 141.00 12491
B-6 L1P786 77.06 122.84 103.99
B-7 L1P590 70.21 104.72 89.30
B-8 L1P465 66.60 94.99 85.16
C-1 L1P772 87.14 141.90 128.35
C-2 L1P773 81.44 122.76 107.18
C-3 L1P591 73.96 103.55 91.84
C-4 L1P460 70.64 95.67 87.39
C-5 L1P774 89.74 142.57 130.09
C-6 L1P776 83.33 126.94 109.31
C-7 L1P592 75.02 108.63 93.98
C-8 L1P461 71.70 98.55 88.33
D-1 L1P754 92.64 142.15 128.42
D-2 L1P755 86.77 125.27 108.71
D-3 L1P593 78.01 105.34 93.72
D-4 L1P462 73.75 95.96 88.42
D-5 L1P756 93.47 135.53 124.39
D-6 L1P758 86.98 119.56 106.65
D-7 L1P595 78.50 101.49 92.20
D-8 L1P463 74.04 94.17 86.84

35




Table 22: As-run minimum, maximum and average plate surface temperatures over fuel zone on the south
side of the plate for capsules irradiated in Cycle 146A, MOC1 (16.0 EFPD)

Minimum Maximum Average

Plate Temperature | Temperature | Temperature
Location | Plate ID (©) ©) ©)

B-1 L1P759 77.76 130.15 116.43
B-2 L1P784 72.86 112.63 98.33
B-3 L1P596 68.03 98.69 85.81
B-4 L1P464 65.64 91.03 82.72
B-5 L1P785 81.23 138.26 122.35
B-6 L1P786 76.85 121.97 103.27
B-7 L1P590 70.10 104.26 88.96
B-8 L1P465 66.82 96.27 86.13
C-1 L1P772 86.48 138.63 125.64
C-2 L1P773 81.08 122.02 106.14
C-3 L1P591 73.74 102.78 91.24
C-4 L1P460 70.84 96.82 88.26
C-5 L1P774 88.96 139.67 127.27
C-6 L1P776 82.69 125.24 107.75
C-7 L1P592 74.63 107.59 93.07
C-8 L1P461 71.85 99.35 89.10
D-1 L1P754 91.85 138.82 125.69
D-2 L1P755 85.79 123.89 107.03
D-3 L1P593 77.37 104.35 92.58
D-4 L1P462 73.83 96.86 88.98
D-5 L1P756 92.61 132.43 121.77
D-6 L1P758 85.96 117.58 104.50
D-7 L1P595 77.84 100.09 90.80
D-8 L1P463 74.05 94.85 87.21
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Table 23: As-run minimum, maximum and average plate surface temperatures over fuel zone on the north
side of the plate for capsules irradiated in Cycle 146A, MOC2 (32.0 EFPD)

Minimum Maximum Average

Plate Temperature | Temperature | Temperature
Location | Plate ID (©) ©) ©)

B-1 L1P759 76.77 128.79 115.10
B-2 L1P784 72.20 111.09 97.09
B-3 L1P596 67.25 96.67 84.32
B-4 L1P464 64.79 88.15 80.43
B-5 L1P785 80.07 135.84 120.72
B-6 L1P786 76.02 119.89 101.84
B-7 L1P590 69.40 102.35 87.68
B-8 L1P465 65.88 92.96 83.57
C-1 L1P772 85.07 136.69 123.89
C-2 L1P773 80.27 120.06 105.04
C-3 L1P591 73.19 101.80 90.52
C-4 L1P460 69.70 93.44 85.62
C-5 L1P774 87.83 138.22 126.36
C-6 L1P776 82.09 124.13 107.14
C-7 L1P592 73.95 105.93 92.00
C-8 L1P461 70.75 96.21 86.58
D-1 L1P754 90.56 137.85 124.70
D-2 L1P755 85.45 122.93 106.81
D-3 L1P593 77.05 103.61 92.32
D-4 L1P462 72.74 93.89 86.75
D-5 L1P756 91.76 132.73 121.87
D-6 L1P758 85.66 117.40 104.83
D-7 L1P595 77.66 100.22 91.10
D-8 L1P463 73.21 92.75 85.65
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Table 24: As-run minimum, maximum and average plate surface temperatures over fuel zone on the south
side of the plate for capsules irradiated in Cycle 146A, MOC2 (32.0 EFPD)

Minimum Maximum Average

Plate Temperature | Temperature | Temperature
Location | Plate ID (©) ©) ©)

B-1 L1P759 76.33 126.00 112.95
B-2 L1P784 72.18 110.67 96.87
B-3 L1P596 67.25 96.49 84.23
B-4 L1P464 65.02 89.32 81.36
B-5 L1P785 79.54 133.29 118.32
B-6 L1P786 75.82 119.09 101.17
B-7 L1P590 69.29 101.90 87.35
B-8 L1P465 66.10 94.19 84.50
C-1 L1P772 84.46 133.63 121.36
C-2 L1P773 79.95 119.37 104.09
C-3 L1P591 72.98 101.06 89.95
C-4 L1P460 69.88 94.57 86.43
C-5 L1P774 87.11 135.50 123.71
C-6 L1P776 81.50 122.57 105.71
C-7 L1P592 73.57 104.93 91.14
C-8 L1P461 70.89 96.97 87.31
D-1 L1P754 89.83 134.71 122.14
D-2 L1P755 84.54 121.66 105.26
D-3 L1P593 76.44 102.66 91.23
D-4 L1P462 72.82 94.75 87.28
D-5 L1P756 90.96 129.78 119.38
D-6 L1P758 84.73 115.57 102.83
D-7 L1P595 77.04 98.89 89.76
D-8 L1P463 73.22 93.42 86.02
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Table 25: As-run minimum, maximum and average plate surface temperatures over fuel zone on the north
side of the plate for capsules irradiated in Cycle 146A, EOC (50.5 EFPD)

Minimum Maximum Average

Plate Temperature | Temperature | Temperature
Location | Plate ID ©) ©) ©)

B-1 L1P759 75.75 125.75 112.57
B-2 L1P784 71.94 110.31 96.52
B-3 L1P596 67.02 96.03 83.86
B-4 L1P464 64.49 87.33 79.78
B-5 L1P785 78.87 132.30 117.80
B-6 L1P786 75.64 118.82 101.05
B-7 L1P590 69.14 101.62 87.18
B-8 L1P465 65.55 92.00 82.83
C-1 L1P772 83.70 133.17 120.88
C-2 L1P773 79.80 119.02 104.19
C-3 L1P591 72.83 100.96 89.89
C-4 L1P460 69.30 92.50 84.87
C-5 L1P774 86.37 134.67 123.33
C-6 L1P776 81.57 123.04 106.28
C-7 L1P592 73.61 105.15 91.42
C-8 L1P461 70.35 95.25 85.85
D-1 L1P754 89.08 134.63 121.95
D-2 L1P755 84.74 121.79 105.85
D-3 L1P593 76.63 102.85 91.70
D-4 L1P462 72.32 93.05 86.07
D-5 L1P756 90.38 130.10 119.56
D-6 L1P758 84.99 116.39 103.93
D-7 L1P595 77.24 99.52 90.51
D-8 L1P463 72.80 91.98 85.03
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Table 26: As-run minimum, maximum and average plate surface temperatures over fuel zone on the south
side of the plate for capsules irradiated in Cycle 146A, EOC (50.5 EFPD)

Minimum Maximum Average

Plate Temperature | Temperature | Temperature
Location | Plate ID ©) ©) ©)

B-1 L1P759 75.33 123.09 110.51
B-2 L1P784 71.93 109.92 96.32
B-3 L1P596 67.02 95.84 83.77
B-4 L1P464 64.72 88.48 80.69
B-5 L1P785 78.37 129.86 115.53
B-6 L1P786 75.45 118.08 100.43
B-7 L1P590 69.03 101.17 86.84
B-8 L1P465 65.76 93.20 83.73
C-1 L1P772 83.12 130.27 118.50
C-2 L1P773 79.49 118.38 103.31
C-3 L1P591 72.62 100.24 89.34
C-4 L1P460 69.48 93.62 85.67
C-5 L1P774 85.70 132.13 120.84
C-6 L1P776 81.03 121.60 104.96
C-7 L1P592 73.24 104.16 90.58
C-8 L1P461 70.49 95.98 86.56
D-1 L1P754 88.41 131.65 119.53
D-2 L1P755 83.91 120.61 104.41
D-3 L1P593 76.03 101.93 90.64
D-4 L1P462 72.40 93.89 86.59
D-5 L1P756 89.64 127.30 117.23
D-6 L1P758 84.14 114.70 102.08
D-7 L1P595 76.64 98.24 89.21
D-8 L1P463 72.82 92.64 85.39
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Table 27: As-run minimum, maximum and average plate surface temperatures over fuel zone on the north
side of the plate for capsules irradiated in Cycle 146B, BOC (50.5 EFPD)

Minimum Maximum Average
Plate Temperature | Temperature | Temperature
Location | Plate ID ©) ©) ©)

A-1 L1P787 67.54 106.86 94.31
A-2 L2P481 64.96 94.13 83.26
A-3 L2P498 63.13 94.17 77.92
A-4 L1P789 62.35 85.89 76.23
A-5 L1P7A0 73.19 121.21 105.44
A-6 L2P482 69.75 113.05 91.20
A-7 L2P499 67.41 106.63 84.70
A-8 LIP7Al 65.50 96.77 82.57
B-1 L1P759 76.95 119.67 108.35
B-2 L1P784 73.24 105.86 94.24
B-3 L1P596 68.45 93.08 82.80
B-4 L1P464 65.88 85.21 78.83
B-5 L1P785 80.10 126.21 113.63
B-6 L1P786 76.79 113.91 98.72
B-7 L1P590 70.55 98.43 86.02
B-8 L1P465 67.00 89.53 81.67
D-1 L1P754 82.79 121.88 110.82
D-2 L1P755 79.17 110.56 96.94
D-3 L1P593 72.82 94.66 85.37
D-4 L1P462 69.73 87.13 81.20
D-5 L1P756 83.35 117.02 108.02
D-6 L1P758 79.13 105.12 94.74
D-7 L1P595 73.05 90.99 83.77
D-8 L1P463 69.80 85.46 79.76
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Table 28: As-run minimum, maximum and average plate surface temperatures over fuel zone on the south
side of the plate for capsules irradiated in Cycle 146B0, BOC (50.5 EFPD)

Minimum Maximum Average
Plate Temperature | Temperature | Temperature
Location | Plate ID ©) ©) ©)

A-1 L1P787 67.28 104.96 92.95
A-2 L2P481 64.95 93.91 83.13
A-3 L2P498 63.13 94.07 77.86
A-4 L1P789 62.52 86.96 77.00
A-5 L1P7A0 72.82 119.20 103.65
A-6 L2P482 69.65 112.53 90.78
A-7 L2P499 67.36 106.39 84.53
A-8 LIP7Al 65.69 97.77 83.45
B-1 L1P759 76.53 117.25 106.45
B-2 L1P784 73.07 105.13 93.69
B-3 L1P596 68.35 92.68 82.49
B-4 L1P464 66.02 86.07 79.49
B-5 L1P785 79.59 123.86 111.53
B-6 L1P786 76.44 112.90 97.81
B-7 L1P590 70.33 97.78 85.49
B-8 L1P465 67.12 90.43 82.34
D-1 L1P754 82.28 119.45 108.87
D-2 L1P755 78.64 109.85 96.06
D-3 L1P593 72.44 94.11 84.74
D-4 L1P462 69.83 87.93 81.72
D-5 L1P756 82.79 114.77 106.13
D-6 L1P758 78.59 104.02 93.52
D-7 L1P595 72.66 90.20 82.93
D-8 L1P463 69.86 86.10 80.15
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Table 29: As-run minimum, maximum and average plate surface temperatures over fuel zone on the north
side of the plate for capsules irradiated in Cycle 146B, MOC1 (68.5 EFPD)

Minimum Maximum Average

Plate Temperature | Temperature | Temperature
Location | Plate ID ©) ©) ©)

A-1 L1P787 68.11 108.81 95.78
A-2 L2P481 65.17 100.08 83.88
A-3 L2P498 63.56 95.69 78.85
A-4 L1P789 62.82 87.33 77.29
A-5 L1P7A0 73.79 123.04 106.86
A-6 L2P482 70.30 114.93 92.36
A-7 L2P499 67.88 108.27 85.65
A-8 LIP7Al 66.00 98.33 83.65
B-1 L1P759 77.72 121.69 110.06
B-2 L1P784 74.45 109.14 96.75
B-3 L1P596 69.27 95.24 84.38
B-4 L1P464 66.53 86.79 80.10
B-5 L1P785 80.71 127.57 114.79
B-6 L1P786 77.98 117.02 101.02
B-7 L1P590 71.52 101.02 87.83
B-8 L1P465 67.59 90.94 82.81
D-1 L1P754 83.94 124.54 113.09
D-2 L1P755 80.60 114.04 99.51
D-3 L1P593 74.00 97.39 87.38
D-4 L1P462 70.62 89.00 82.74
D-5 L1P756 84.84 120.43 110.92
D-6 L1P758 80.84 109.09 97.77
D-7 L1P595 74.40 93.90 85.99
D-8 L1P463 70.85 87.71 81.58
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Table 30: As-run minimum, maximum and average plate surface temperatures over fuel zone on the south
side of the plate for capsules irradiated in Cycle 146B, MOC1 (68.5 EFPD)

Minimum Maximum Average
Plate Temperature | Temperature | Temperature
Location | Plate ID ©) ©) ©)

A-1 L1P787 67.84 106.83 94.36
A-2 L2P481 65.16 99.87 83.75
A-3 L2P498 63.56 95.59 78.80
A-4 L1P789 63.00 88.45 78.08
A-5 L1P7A0 73.40 120.98 105.02
A-6 L2P482 70.20 114.40 91.94
A-7 L2P499 67.84 108.02 85.48
A-8 LIP7Al 66.20 99.38 84.56
B-1 L1P759 77.28 119.22 108.11
B-2 L1P784 74.27 108.39 96.19
B-3 L1P596 69.17 94.82 84.06
B-4 L1P464 66.68 87.68 80.80
B-5 L1P785 80.20 125.24 112.68
B-6 L1P786 77.62 116.00 100.10
B-7 L1P590 71.29 100.34 87.27
B-8 L1P465 67.72 91.87 83.49
D-1 L1P754 83.42 122.04 111.08
D-2 L1P755 80.07 113.33 98.62
D-3 L1P593 73.60 96.82 86.72
D-4 L1P462 70.72 89.84 83.29
D-5 L1P756 84.27 118.09 108.98
D-6 L1P758 80.29 107.99 96.53
D-7 L1P595 73.99 93.04 85.11
D-8 L1P463 70.91 88.39 81.99
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Table 31: As-run minimum, maximum and average plate surface temperatures over fuel zone on the north
side of the plate for capsules irradiated in Cycle 146B, MOC2 (78.5 EFPD)

Minimum Maximum Average
Plate Temperature | Temperature | Temperature
Location | Plate ID ©) ©) ©)
A-1 L1P787 68.18 109.05 95.96
A-2 L2P481 65.34 100.66 84.27
A-3 L2P498 63.53 95.59 78.79
A-4 L1P789 62.69 86.93 77.00
A-5 L1P7A0 73.42 121.74 105.87
A-6 L2P482 70.28 114.81 92.30
A-7 L2P499 67.92 108.42 85.74
A-8 LIP7Al 65.83 97.81 83.29
B-1 L1P759 77.15 120.01 108.66
B-2 L1P784 74.19 108.38 96.18
B-3 L1P596 69.06 94.63 83.94
B-4 L1P464 66.38 86.43 79.81
B-5 L1P785 80.02 125.56 113.12
B-6 L1P786 77.64 116.05 100.31
B-7 L1P590 71.16 99.95 87.10
B-8 L1P465 67.34 90.24 82.26
D-1 L1P754 83.23 122.75 111.59
D-2 L1P755 80.27 113.42 99.02
D-3 L1P593 73.75 96.89 87.00
D-4 L1P462 70.40 88.57 82.38
D-5 L1P756 84.25 119.19 109.85
D-6 L1P758 80.50 108.48 97.26
D-7 L1P595 74.26 93.75 85.85
D-8 L1P463 70.71 87.53 81.41
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Table 32: As-run minimum, maximum and average plate surface temperatures over fuel zone on the south
side of the plate for capsules irradiated in Cycle 146B, MOC2 (78.5 EFPD)

Minimum Maximum Average
Plate Temperature | Temperature | Temperature
Location | Plate ID ©) ©) ©)
A-1 L1P787 67.92 107.07 94.54
A-2 L2P481 65.33 100.44 84.14
A-3 L2P498 63.52 95.47 78.73
A-4 L1P789 62.87 88.04 77.78
A-5 L1P7A0 73.04 119.73 104.07
A-6 L2P482 70.18 114.29 91.87
A-7 L2P499 67.87 108.16 85.56
A-8 LIP7Al 66.03 98.84 84.19
B-1 L1P759 76.73 117.61 106.77
B-2 L1P784 74.02 107.66 95.63
B-3 L1P596 68.95 94.20 83.61
B-4 L1P464 66.53 87.30 80.49
B-5 L1P785 79.52 123.28 111.08
B-6 L1P786 77.29 115.07 99.42
B-7 L1P590 70.93 99.26 86.54
B-8 L1P465 67.46 91.15 82.92
D-1 L1P754 82.72 120.32 109.64
D-2 L1P755 79.76 112.73 98.15
D-3 L1P593 73.36 96.33 86.35
D-4 L1P462 70.51 89.39 82.92
D-5 L1P756 83.70 116.91 107.96
D-6 L1P758 79.97 107.41 96.06
D-7 L1P595 73.85 92.91 84.98
D-8 L1P463 70.77 88.21 81.83
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Table 33: As-run minimum, maximum and average plate surface temperatures over fuel zone on the north
side of the plate for capsules irradiated in Cycle 146B, EOC (89.7 EFPD)

Minimum Maximum Average
Plate Temperature | Temperature | Temperature
Location | Plate ID (©) ©) ©)
A-1 L1P787 67.90 108.08 95.23
A-2 L2P481 65.26 100.41 84.10
A-3 L2P498 63.49 95.46 78.71
A-4 L1P789 62.60 86.66 76.80
A-5 L1P7A0 73.00 120.40 104.82
A-6 L2P482 70.19 114.49 92.09
A-7 L2P499 67.87 108.25 85.64
A-8 LIP7Al 65.74 97.51 83.09
B-1 L1P759 76.52 118.26 107.19
B-2 L1P784 73.98 107.85 95.77
B-3 L1P596 68.91 94.24 83.65
B-4 L1P464 66.20 85.96 79.44
B-5 L1P785 79.30 123.59 111.47
B-6 L1P786 77.36 115.36 99.79
B-7 L1P590 71.01 99.54 86.81
B-8 L1P465 67.14 89.70 81.83
D-1 L1P754 82.55 121.16 110.25
D-2 L1P755 79.95 112.85 98.55
D-3 L1P593 73.55 96.51 86.70
D-4 L1P462 70.20 88.15 82.03
D-5 L1P756 83.60 117.82 108.67
D-6 L1P758 80.18 107.94 96.80
D-7 L1P595 74.07 93.43 85.58
D-8 L1P463 70.53 87.19 81.13
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Table 34: As-run minimum, maximum and average plate surface temperatures over fuel zone on the south
side of the plate for capsules irradiated in Cycle 146B, EOC (89.7 EFPD)

Minimum Maximum Average
Plate Temperature | Temperature | Temperature
Location | Plate ID (©) ©) ©)
A-1 L1P787 67.63 106.14 93.83
A-2 L2P481 65.26 100.20 83.97
A-3 L2P498 63.49 95.34 78.65
A-4 L1P789 62.78 87.76 77.58
A-5 L1P7A0 72.64 118.44 103.07
A-6 L2P482 70.09 114.00 91.69
A-7 L2P499 67.82 107.99 85.46
A-8 LIP7Al 65.93 98.52 83.97
B-1 L1P759 76.11 115.94 105.36
B-2 L1P784 73.82 107.16 95.25
B-3 L1P596 68.80 93.82 83.33
B-4 L1P464 66.35 86.82 80.11
B-5 L1P785 78.83 121.37 109.52
B-6 L1P786 77.03 114.43 98.94
B-7 L1P590 70.77 98.86 86.26
B-8 L1P465 67.26 90.58 82.48
D-1 L1P754 82.06 118.80 108.36
D-2 L1P755 79.46 112.19 97.73
D-3 L1P593 73.16 95.96 86.07
D-4 L1P462 70.30 88.96 82.57
D-5 L1P756 83.07 115.60 106.84
D-6 L1P758 79.68 106.92 95.66
D-7 L1P595 73.67 92.61 84.74
D-8 L1P463 70.59 87.86 81.54
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Appendix A
Individual Plate Power and Fission Density Plots
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A-2. Capsule X-3
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X3-3 (L1P596)
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X3-7 (L1P590)
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A-3. Capsule X-1
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X1-3 (L1P591)
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X1-7 (L1P592)
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A-4. Capsule X-2
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X2-3 (L1P593)
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X2-5 (L1P756)
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X2-7 (L1P595)
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Appendix B
Beginning of Life Fission Rate Local to Average Ratio
2D Gradient Maps
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